Abstract. In Minkowskian 3-spacetime L 3 we find timelike or spacelike surface of revolution for the given Gauss curvature K = −1, 0, 1 and mean curvature H = 0. In fact, we set up the surface of revolution with the time axis for z-axis to be able to draw those surfaces on standard pictures in Minkowskian 3-spacetime L 3 .
Introduction
Herman Minkowski (1864-1909) developed the 4-dimensional differential geometry which consists of one time axis and three space axes behind Special Relativity. To draw the figures of the relativistic geometrical models in the space of three axes, we reduce Minkowskian 4-spacetime to 3-spacetime which consists of one time axis and two space axes. Hence we may observe the (2-dimensional) timelike or spacelike surfaces in 3-dimensional Minkowskian 3-spacetime L 3 (cf. [1] , [3] ). For the surfaces in Euclidean 3-space E 3 , there are several texts to study the Gaussian and mean curvatures(cf. [4] , [5] , [6] ). We also observe the first and second fundamental forms and their coefficients E, F, G and L, M, N to define the Gaussian curvature K and mean curvature H of the 2-dimensional timelike and spacelike surfaces in L 3 . We now set up the surface of revolution M in the Minkowskian 3-space L 3 whose revolution axis is the time axis z and the profile curve is α(u) = (b(u), 0, a(u)) where b(u) > 0. Then the coordinate patch is given by X(u, v) = (b(u) cos v, b(u) sin v, a(u)) 0 < u < 2π. To treat the Gaussian curvature simply, we use the unit speed profile curve and thus we have the Theorem 3.3 as follows.
For a unit speed timelike or spacelike profile curve of the surface of
Note that for a unit speed profile curve of the surface of revolution
If H = 0 we may deal with the minimal or maximal surface of revolution in L 3 which is the similar problem of the minimal surface of revolution in E 3 . To simplify the equation H = 0 we assume a (u) = 0 and apply the inverse function theorem to obtain the Theorem 4.1 after reparametrization of the profile curve of the profile curve α(u) = (b(u), 0, a(u)) by the form α(u) = (b(u), 0, u).
Finally, we find surfaces of revolution for the unit speed profile curve as given above in cases of Gaussian curvature K = 1, K = 0, and K = −1 as follows. 
Preliminaries
Let x = (x 1 , x 2 , x 3 ) and y = (y 1 , y 2 , y 3 ) be two vectors in R 3 . A bilinear form g on R 3 is said to be the Lorentz metric defined by
From now on, L 3 = (R 3 , g) is said to be the Minkowskian space.
A regular curve α : I → L 3 is said to be timelike(or spacelike) if its velocity vector α (t) for all t ∈ I is a timelike (or spacelike) vector respectively. Related to the metric g, the cross product x and y in L 3 is given by
In this paper, we may sometimes use just by < , > for the inner product g( , ) in L 3 without ambiguity.
Let D be an open subset of R 2 and let X :
Suppose that M is a timelike or spacelike surface in L 3 = (R 3 , g). Since the the first fundamental form is defined by the inner product in
To study local properties of a surface in L 3 , the coefficients of the first fundamental form are given by
In L 3 = (R 3 , g), for the timelike(resp. spacelike) unit normal vector
defined on the spacelike(resp. timelike) surface M , we may define the timelike(resp. spacelike) Gauss map
At a point p ∈ M the second fundamental form
Therefore, the second fundamental form II on X(u, v) which is independent of any curve is given by Using the coefficients of the 1st and 2nd fundamental forms I, II, the Gaussian curvature K and the mean curvature H on a given surface are given by
For a point p on a surface in E 3 we say 
Surfaces of revolution in L 3
We construct the timelike (or spacelike) surfaces of revolution M by revolving a given timelike(or spacelike) curve α in xz-plane in L 3 . Corresponding to the Euclidean case, we take the profile curve α(u) of the form α(u) = (b(u), 0, a(u)) with a (u) = 0 and b(u) > 0. Then the parametrization of the surface M is obtained by
To compute the Gaussian curvature and the mean curvature, we should find the coefficients {E, F, G} of the first fundamental form I and the coefficients {L, M, N } of the second fundamental form II. Namely,
is timelike (or spacelike) if and only if U is spacelike (or timelike). Equivalently, M is a timelike (or spacelike) surface respectively in L 3 .
The mean curvature of the surface of revolution M in L 3 is given by
Since a (u) = 0 by hypothesis, using the inverse function theorem we may rearrange a(u) to be a(u) = u. Hence a (u) = 1, and a (u) = 0. Thus, (b(u), 0, u) , the surface of revolution M in L 3 , the mean curvature is
Now, the Gaussian curvature of the surface of revolution M is given by
To simplify the Gaussian curvatures we assume that α(t) is unit speed. Thus,
Then we have Suppose M be a timelike or spacelike surface of revolution in L 3 . Since M is minimal or maximal, H = 0. And hence we have a differential equation derived from (3.1),
Hence, the equation (4.1) implies
By the separation of variables, 
Proof. Case 1. M is timelike. In this case,
By the separation of variables,
Since sin
where C 2 is also constant. Thus,
Case 2. M is spacelike. In this case, w 2 − 1 > 0. From the equation
By the separation of variables, 1
where C 2 is also constant. Then, we have a general solution Thus, x 2 + y 2 = sinh 2 u c , or x 2 + y 2 = sinh u c . Therefore, z = u c = sinh −1 ( x 2 + y 2 ).
Surfaces of revolution with constant Gaussian curvatures in L 3
We have seen the Gaussian curvature K of the surface of revolution M with the unit speed profile curve α(u) = (b(u), 0, a(u)) in Theorem 3. 
Thus we have b = ± C 1 sinh(u + C 2 ).
By performing the reparametrizationũ = √ C 1 u,
